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PROBLEM 


The  present  investigation  attempted  to  (1)  develop  a  conceptual  model 
for  investigating  student  naval  aviator  (SNA)  performance  in  Primary  flight  train¬ 
ing;  (2)  isolatb,  with  the  use  of  the  model,  those  behaviors  within  the  Spin  Man¬ 
euver  which  are  judged  to  be  recurring  student  pilot  errors;  (3)  assess  the 
criticality  of  these  errors  as  they  relate  to  the  grades  a  student  receives;  and 
(4)  provide  behavioral  definitions  of  the  global  skills,  Basic  Airwork,  Headwork, 
and  Procedures . 


FINDINGS 


A  procedural  type  of  task  analysis  was  performed  on  the  Spin  Maneuver. 
The  necessary  responses  to  each  display  and  control  both  within  and  outside  the 
aircraft  were  specified  on  a  sequential  continuum.  Within  each  of  these  sequen¬ 
tial  components,  a  highly  elemental  approach  (i.e. ,  emphasis  on  the  simultaneous 
individual  responses  to  each  display  and  control  at  each  point  in  time)  was  taken 
so  that  it  was  possible  to  isolate  the  required  simultaneous  response  configura¬ 
tion  at  any  given  point  throughout  the  maneuver.  An  objectively  structured 
questionnaire  was  developed  using  these  individual  task  elements  as  the  basic 
item  pool,  and  administered  to  a  sample  of  97  flight  instructors  in  Primary  flight 
training . 


The  results  of  this  investigation  indicated  that  the  recurring  student 
errors  within  the  Spin  Maneuver  could  bo  isolated  using  this  type  of  approach. 
Further,  the  definitions  for  the  terms  Basic  Airwork,  Headwork  and  Procedures 
and  what  constitutes  a  "critical"  error  were  Bet  forth, 


INTRODUCTION 


In  most  cases  Primary  flight  training  is  the  student  naval  aviator's 
(SNA)  first  encounter  with  flying  an  aircraft.  Basic  skills  acquired  during  this 
phase  generalize  to  later  stages  of  training.  The  vast  potpourri  of  viuual 
scanning  and  control  movement  responses  which  the  SNA  learns  will  provide  the 
basis  from  which  the  highly  refined  skills  required  to  successfully  fly  opera¬ 
tional  types  of  aircraft  will  emerge.  Due  to  the  importance  of  the  development 
of  these  basic  skills,  one  of  the  flight  instructor's  primary  concerns  is  tho 
detection  of  errors  the  student  pilot  makes,  and  the  subsequent  correction  of 
these  errors.  The  present  research  effort  was  directed  toward  the  isolation  of 
recurring  problem  areas  in  the  development  of  these  basic  flying  skills  through 
the  utilization  of  a  combined  task  analysis  -  rating  form  and  a  conceptual  model 
of  pilot  behavior . 


A  Conceptual  Model  of  Pilot  Behavior 


Pilot  behavior  during  the  execution  of  a  flight  maneuver  can  be  char¬ 
acterized  in  numerous  ways.  At  the  most  elemental  level,  it  can  be  described  as 
the  execution  of  a  fixed  set  of  scanning  and  control  movement  responses  in  a 
prescribed  sequence  over  time.  Accordingly,  throe  major  dimensions  of  interest 
emerge;  that  of  time,  type,  and  time/type.  Along  the  first  dimension  of  time,  the 
performance  of  any  flight  maneuver  can  be  viewed  as  a  set  of  procedural  opera¬ 
tions  arranged  in  a  sequential  manner,  The  entire  maneuver  can  be  concep¬ 
tualized  as  a  sequential  set  of  distinct  procedural  operations.  For  brevity,  each 
procedural  operation  will  be  termed  a  sequential  step. 


Within  the  time  dimension,  the  execution  of  a  flight  maneuver  can  also  be 
categorized  according  to  successive  aircraft  changes  in  airspeed,  power  setting, 
configurailcin  or  in  one  or  more  of  the  four  fundamental  flight  attitudes  that  com¬ 
prise  the  maneuver.  Changes  in  aircraft  configuration  would  include  the  raising 
and  lowering  of  the  flaps  or  landing  gear ,  Aircraft  alterations  in  flight  attitude 
would  include  going  from  ^thnr  straight  and  level  flight,  a  turn,  climb  or  des¬ 
cent  to  one  of  the  other  three  .attitudes.  During  straight  and  level  flight,  the  air¬ 
craft  remains  in  balanced  flight  on  n  constant  heading  and  altitude  with  the  wings 
level  at  any  airspeed.  In  a  turn,  the  flight  heading  is  altered  by  applying  coordi¬ 
nated  aileron  and  rudder  in  the  direction  of  tho  desired  turn,  During  a  climb, 
the  aircraft  gains  altitude  while  maintaining  a  constant  airspeed,  During  a  des¬ 
cent,  the  aircraft  loses  altitude  while  maintaining  a  constant  airspeed.  In  addi  ¬ 
tion  to  these  four  fundamental  flight  attitudes,  two  combinations  are  possible, 
ascending  and  descending  turns.  TVi.se  modifications  in  flight  attitude ,  aircraft 
configuration  anu  the  increasing  or  uecr easing  in  the  power  setting,  affect  the 
airspeed  by  causing  the  aircraft  to  go  either  faster  or  slower. 
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Ou  the  basis  of  these  changes  affecting  the  aircraft,  it  is  possible  to 
characterize  a  maneuver  according  to  transitions  from  one  aircraft  modification 
to  another .  Thus,  the  sequential  steps  involved  in  the  execution  of  a  maneuver, 
along  with  their  elemental  scanning  and  control  responses,  can  further  be 
divided  according  to  these  aircraft  modifications.  Each  successive  aircraft  modi¬ 
fication  during  a  maneuver  will  be  termed  sequential  phase . 


In  summary,  it  is  possible  to  categorize  the  elemental  scanning  and  con¬ 
trol  responses  of  a  flight  maneuver  along  the  temporal  dimension  as  follows:  (1) 
those  comprising  a  conceptually  distinct  procedural  operation  are  collectively 
referred  to  as  a  sequential  step;  and  (2)  those  sequential  steps  involving  the 
same  aircraft  changes  in  flight  attitude,  configuration,  power  setting  and  air¬ 
speed  are  collectively  referred  to  as  a  sequential  phase,  it  is  apparent  that  such 
a  taxonamy  forms  a  hierarchy  in  which  the  elemental  scanning  and  control 
responses  form  the  base.  Sequential  steps  form  the  first  order  level  of  analysis, 
while  the  sequential  phases  form  the  second  order  level. 


The  second  major  dimension  of  interest  is  a  categorization  of  scanning 
and  control  movement  responses  according  to  a  typology  of  behavior .  Individual 
task  elements  are  grouped  according  to  similarity  of  function.  For  example, 
"scanning  the  horizon  for  proper  nose  attitude"  is  performed  numerous  times 
throughout  most  maneuvers.  Consequently,  these  individual  elements  can  be 
grouped  according  to  their  similarity  of  function.  Such  an  arrangement  of 
functionally  equivalent  task  elements  are  collectively  referred  to  as  a  task 
element  group . 


The  flight  path  of  an  aircraft  can  be  viewed  as  a  function  of  control  in 
the  three  major  axes;  pitch,  roll,  and  yaw,  Changes  in  the  fundamental  flight 
attitudes  involve  changes  in  one  or  more  of  these  control  sxeB,  For  the  most 
part,  control  of  the  three  flight  axes  is  a  continuous  behavhiral  function,  For 
example,  proper  control  in  the  pitch  axis  involves  continuous*  scanning  for  pro¬ 
per  nose  attitude  and  control  of  the  elevator.  In  addition  to  these  continuous 
functions  which  are  performed  simultaneously  throughout  flight,  there  are  cer¬ 
tain  discrete  activities  which  are  performed  only  during  certain  steps  of  the 
maneuver.  During  the  spin,  for  example,  the  pilot  must  close  the  throttle 
completely  at  one  particular  point.  Such  a  behavior  would  be  termed  a  discrete 
control  response.  In  addition  to  control  responses,  there  are  discrete  scanning 
responses  which  must  also  be  executed  at  specific  points  throughout  a  maneuver . 


Taken  as  a  whole,  five  distinct  task  activities  can  be  identified  which 
categorize  the  various  task  element  groupings,  Accordingly,  pilot  behavior  dur¬ 
ing  the  execution  of  any  maneuver  can  be  \  iewod  as  a  series  of  discrete  and 
continuous  control  and  scanning  responses,  Continuous  control  in  the  pitch, 
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roll,  and  yaw  axes  in  conjunction  with  discrete  visual  scanning  and  discrete 
control  movement  responses  form  the  basis  of  most  pilot  behavior . 


Thus  far,  individual  task  elements  have  been  categorized  according  to 
time  and  type  of  behavior .  The  execution  of  a  maneuver  may  also  be  considered 
the  synthesis  of  these  two  dimensions.  In  other  words,  the  interaction  of  type  of 
behavior  with  time  of  occurrence  is  of  critical  importance  and  forms  the  third 
dimension  to  the  conceptual  model,  that  of  time/type.  Although  several  alterna¬ 
tives  were  possible,  two  levels  of  analysis  were  believed  to  hold  the  greatest 
potential  within  the  time/type  dimension,  that  of  task  element  by  sequential 
step  and  task  activity  by  sequential  step.  The  three  dimensions  of  time,  type, 
and  time/type  and  the  six  levels  of  analysis  comprising  these  dimensions  are 
summarized  in  Table  1  and  Figure  1 . 


Development  of  a  Probabilistic  Approach  to  Error  Isolation 


As  indicated  earlier ,  the  major  emphasis  of  the  present  investigation  wus 
directed  toward  the  isolation  of  the  most  recurrent  student  pilot  errors,  It 
seemed  that  the  most  meaningful  approach  would  be  to  define  the  importance  of 
an  error  in  terms  of  it':  probability  of  occurrence.  In  other  words,  for  a  given 
error  category,  what  is  the  probability  that  it  will  be  committed  by  the  average 
student  during  primary  flight  training? 


Since  each  elemental  scanning  and  control  response  represents  a 
potential  error,  four  questions  seemed  to  be  of  importance.  First,  what  is  the 
probability  that  the  average  student  will  commit  this  error?  Second,  since  the 
student  becomes  more  proficient  over  time,  what  is  the  conditional  probability 
that  the  error  will  occur  by  the  time  all  maneuvers  have  been  introduced  (Hop 
9)?  Third,  what  is  the  conditional  probability  that  the  instructor  will  consider 
the  error  to  involve  Headwork,  Basic  Airwork,  or  Procedures?  After  each  hop, 
the  instructor  is  required  to  rate  the  student  on  these  three  global  items?  Fourth, 
what  is  the  conditional  probability  that  the  student  will  receive  a  Below  Average 
or  Unsatisfactory  rating  if  ho  commits  the  error?  The  answer  to  these  four 
questions  would  provide  information  concerning  the  frequency  of  an  error,  its 
persistence  over  time,  the  type  of  behavior  the  error  represents,  and  its  judged 
criticality  by  the  instructor.  Following  the  conceptual  model  proposed  above, 
these  questions  can  be  dealt  with  along  the  specific  dimensions  of  time,  type, 
and  time/type,  Therefore,  the  most  elemental  tasks  can  be  combined  into  several 
meaningful  categories  with  probability  statements  assigned  at  all  levels  of 
analysis. 
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Table  1 


Descriptions  of  the  Levels  of  Analyses 


Dimension 


Level  Description 


A.  TIME  Sequential  Step  -  arrangement  of  those  task  elements  per¬ 

forming  the  same  procedural  operation  concurrently. 
Sixteen  are  contained  in  the  spin. 

Sequential  Phase  -  arrangement  of  those  sequential  steps 
according  to  aircraft  changes  in  flight  attitude,  con¬ 
figuration,  airspeed  or  power  setting.  Five  are  con¬ 
tained  in  the  spin. 

B .  TYPE  Task  Element  Group  -  arrangement  of  those  task  elements 

performing  the  same  perceptual  or  psychomotor  function 
throughout  the  maneuver  .  Seventeen  are  contained  in  the 
spin. 

Task  Activity  -  arrangement  of  those  task  element  groups 
performing  the  same  discrete  or  continuous  perceptual- 
psychomotor  function  throughout  the  maneuver .  Five 
are  contained  in  the  spin. 

C.  TYPE/TIME  Task  Element/Sequential  Step  -  arrangement  of  tasks 

which  are  performed  concurrently.  Sixty-eight  are 
contained  in  the  spin. 

Task  Activity/Sequential  Step  -  arrangement  of  the  task 
elements  which  are  performing  the  same  perceptual- 
psychomotor  operation  concurrently.  Forty-one  are 
contained  in  the  spin . 


In  summary,  the  successful  execution  of  any  maneuver  can  be  concep¬ 
tualized  as  a  series  of  responses  to  external  cues  as  well  as  to  the  displays  and 
controls  within  the  aircraft.  To  adequately  describe  each  maneuver,  it  is 
necessary  to  define  the  required  set  of  simultaneous  responses  for  each  of  the 
sequential  stsps.  In  this  way,  both  the  parallel  and  serial  processing  require¬ 
ments  for  each  maneuver  can  be  outlined  within  the  proposed  conceptual  model. 
With  the  help  of  this  model  and  its  three  dimensions  of  time,  type,  and  time/type, 
mearingful  estimates  of  error  frequenc,  at  several  levels  of  analysis  can  be 
gon'  rated . 


As  stated  previously,  the  present  research  effort  was  directed  toward 
the  isolation  of  the  most  important  problem  areas  the  student  pilot  encounters 
during  Primary  flight  training.  Specifically,  the  aims  of  the  present  investi¬ 
gation  were  to:  (1)  select  those  maneuvers  taught  during  primary  flight  training 
which  provide  the  most  difficulty  to  student  pilots;  (2)  develop  highly  detailed 
descriptions  of  these  maneuvers;  (3)  isolate  those  behaviors  within  these  maneu¬ 
vers  which  are  judged  to  be  recurring  student  pilot  errors;  (4)  assess  the  criti¬ 
cality  of  these  errors  as  they  relate  to  the  grades  a  student  receives;  and  (5) 
provide  behavioral  definitions  of  those  global  skills,  Basic  Airworlc,  Headworlc, 
and  Procedures. 


METHOD 


Duo  to  the  relatively  largo  number  of  maneuvers  which  the  student  is 
required  to  learn  during  primary  training,  only  those  Wbre  selected  for  analysis 
which  were  considered  to  provide  the  most  recurring  problems.  From  the  pre¬ 
sent  grading  lor  ms  used  during  Primary  flight  training,  maneuvers  were 
selected  by  considering  the  item  distributions  of  "Below  Averages"  (BA)  and 
"Unsatlsfactories"  (U)  .  Those  maneuvers  were  selected  for  further  analysis 
which  produced  the  highest  number  of  Below  Average  and  Unsatisfactory  ratings. 
Using  this  rationale,  six  maneuvers  wore  selected .  These  included  the  spin, 
the  approach-turn  stall,  slow  flight,  tha  high  altitude  emergency,  standard 
field  entry,  full  flap  approach/landing/takeoff.  Performance  on  these  six 
maneuvers  was  considered  to  be  highly  indicative  ol  the  student's  overall  per¬ 
formance  during  Primary  training.  Three  other  items  on  the  instructor's  rating 
form  had  higher  BA's  and  U's  than  the  maneuvers  selected;  Basic  Airwork,  Head- 
work  and  Procedures.  As  indicated,  these  items  do  not  lend  themselves  to 
detailed  descriptions,  since  they  are  global  skills  encompassing  all  maneuvers. 
Appendix  A  contains  a  description  of  the  flight  syllabus  and  number  of  flight 
hours  in  the  Pre-Solo  and  Precision  stages  of  training  at  VT  1 ,  the  Navy's 
Primary  flight  training  squadron. 
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The  task  analysis  procedure  seemed  to  offer  a  workable  methodology  for 
the  development  of  detailed  maneuver  descriptions.  Accordingly,  each  maneu¬ 
ver  was  divided  into  a  number  of  sequential  steps.  For  each  step,  the  scanning 
and  control  movement  responses  to  be  performed  concurrently  were  specified. 
These  individual  elemental  responses  formed  the  basis  of  the  resulting  maneu¬ 
ver  descriptions. 


The  actual  development  ol  these  descriptions  entailed  a  series  of  check 
procedures  and  revisions.  The  initial  task  analysis  was  written  using  the 
training  command  T-34  Primary  Maneuver  Description  handbook  (1J  .  These 
initial  analyses  were  checked  for  completeness  and  accuracy  by  a  small  sample 
of  flight  instructors  (N  =  7)  assigned  to  VT -1 .  O*  the  basis  of  their  comments , 
suggestions,  and  criticisms,  revisions  were  i„<we  and  roofed"  by  a  second  set 
of  instructors  (N  -•  4)  .  Following  this  second  screening,  revisions  were  again 
made  leading  to  the  final  maneuver  descriptions.  Appendix  R  contains  the 
final  GO  task  elements  presented  to  the  instructors  in  a  questionnaire  format. 


It  seemed  reasonable  that  the  flight  instructors  assigned  to  the  Primary 
training  squadron  should  best  be  able  to  assess  the  frequency  of  student  pilot 
errors  in  terms  of  the  detailed  maneuver  descriptions.  Accordingly,  a  rating 
form  was  developed  for  each  maneuver  in  which  the  individual  task  elements 
formed  the  basic  item  pool.  In  an  attempt  to  meet  the  objectives  of  the  study,  kVa 
following  questions  were  asked  about  each  task  element.  First,  did  the  elemen¬ 
tal  response  represent  an  error  which  was  committed  by  the  average  student? 

In  the  event  the  unswor  was  "no",  the  instructc.  proceeded  to  i.he  next  item, 
Otherwise,  he  answer  ed  the  remaining  questions.  Next,  the  instructor  esti¬ 
mated  "time  to  correct"  or  simply  the  hop  number  by  which  the  error  was  nor¬ 
mally  corrected.  The  subsequent  question  concerned  the  instructor's  judgement 
conceiving  type  of  error  .  The  item  was  to  be  rated  an  error  involving  either 
Basic  Airwork,  Meadwork,  or  Procedures.  Lastly,  the  it.,m  was  to  he  judged 
"critical"  or  "non -critical . "  In  ihe  event  the  instructor  would  give  the  student  a 
Below-Average  or  Unsatisfactory  rating  for  committing  the  error,  the  item  was  to 
be  rated  "critical",  This  questionnaire  was  given  to  a  sample  of  07  flight 
instructors  assigned  to  VT  1  ,  Appendix  C  contains  the  questionnaire's  Fore¬ 
word,  Instructions,  Biographical  Information  page,  and  Parts  A  and  G  of  the 
maneuver  description.  Part  B  of  the  maneuver  description  is  the  (Ui  task  ele¬ 
ments  presented  in  Appendix  B. 


From  tho  instructor's  responses  to  the  individual  items  several  error 
estimates  were  computed.  The  next  two  paragraphs  were  outlined  in  the  Intro¬ 
duction,  but  due  to  the  novel  approach  to  error  isolation  as  outlined  in  this  paper, 
the  authors  felt  these  ideas  should  be  repeated.  The  probability  that  an  item 
represented  an  error  committed  by  the  average  student  was  estimated  from  the 
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percentage  of  instructors  responding  to  that  particular  item.  The  resulting 
estimates  are  termed  probability  of  error  frequency.  The  probability  that  the 
error  occurred  after  Hop  9  was  estimated  from  the  percentage  of  Instructors 
indicating  that  the  error  was  normally  corrected  by  Hop  10  or  beyond.  Such 
estimates  are  labeled  probability  of  error  persistence.  The  probability  a 
student  would  receive  a  Below  Average  or  Unsatisfactory  In  the  event  he  com¬ 
mitted  the  error  was  estimated  from  the  percentage  of  instructors  marking  the 
item  "critical."  These  estimates  are  termed  probability  of  error  criticality. 

The  probabilities  that  an  orror  was  perceived  as  representing  Basic  Air  work, 
Headwork,  or  Procedures  was  estimated  by  the  percentages  of  instructors  mark¬ 
ing  these  three  categories  and  are  referred  to  as  probability  for  type  of  error. 
All  estimates  of  error  frequency,  orror  persistence,  error  criticality,  and  type 
of  error  were  conditional  probabilities  In  that  they  were  based  only  upon  the 
responses  of  those  individuals  indicating  the  item  to  bn  an  error  committed  by 
the  average  student. 


These  estimates  were  computed  for  each  of  the  task  elements  as  well  as 
various  higher  level  categories.  For  some  of  the  higher  level  categories,  such 
as  the  levels  of  analysis  in  both  the  time  and  type  dimensions,  an  additional 
measure  was  computed,  the  expected  number  of  errors.  This  measure  is 
another  way  of  stating  probability  of  orror  frequency,  and  is  an  estimate  of  the 
number  of  errors  committed  by  the  average  student  on  this  maneuver  through¬ 
out  Primary  flight  training  (all  hops)  .  Such  an  estimate  seemed  appropriate 
whenever  categories  consisted  of  multiple  task  elements.  Furthermore,  esti¬ 
mates  of  error  frequency,  persistence,  and  criticality  for  higher  order  cate¬ 
gories  reflected  the  probabilities  that  a.,  least  one  error  would  bo  committed, 
occur  after  Hop  9,  or  be  considered  critical  from  the  pool  of  individual  task 
elements . 


RESULTS  AND  DISCUSSION 

The  maneuver  o  be  presented  in  this  report  is  the  spin.  The  follow¬ 
ing  description  of  the  maneuver  is  contained  in  the  T-34  Primary  Maneuver 
Description  handbook  (1)  .  This  maneuver  is  introduced  on  Hop  7. 

PRECISION  SPIN  (LEFT/ RIGHT)  (MINIMUM  ENTRY  4!i00') 


Brief:  A  spin  is  an  aggravated  stall  resulting  in  autorotation.  The  aircraft  is 
completely  stalled,  falling  nose  low  toward  the  ground,  following  a  corkscrew 
path  through  the  air.  Spins  develop  your  ability  to  recognize  their  entry  and 
to  recover  promptly  and  automatically  from  unintentional  spins,  build  confidence, 
and  teach  orientation  in  unusual  attitudes. 
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Description:  Before  entering  the  clearing  turn  for  the  spin,  complete  the  stall 
checklist,  check  the  altitude,  minimum  entry  altitude  is  4500  feet,  and  select  a 
large  landmark  or  prominent  section  line  near  the  horizon.  At  the  start  of  the 
last  80-degrees  of  clearing  turn ,  close  the  throttle ,  do  not  retrim ,  smoothly  raise 
the  nose  to  complete  the  clearing  turn  with  wings  level  and  the  nose  15-degrees 
above  the  normal  cruise  attitude  with  75  knots  or  less.  Maintain  this  attitude 
and  as  the  stall  approaches  begin  to  apply  full  rudder  in  the  direction  of  desired 
rotatior .  At  the  stall,  apply  full  rudder,  then  full  back  stick  (straight  back)  . 
After  two  complete  turns,  recover  by  applying  opposite  rudder  to  the  neutral 
position,  followed  by  forward  stick  to  the  neutral  position  When  rotation  stops, 
level  the  wings  and  raise  the  nose  to  the  100-knot  climb  attitude.  Check  the  oil 
pressure  and  smoothly  apply  full  throttle.  Recovery  should  be  made  above 
3000  feet  and  under  140  knots. 


The  completed  questionnaire  shown  in  Appendix  C  and  the  four-scale 
rating  form  for  the  68  items  shown  in  Appendix  B  were  administered  to  a  sample 
of  97  flight  instructors.  As  outlined  in  the  Introduction,  the  results  will  be 
reported  according  to:  (1)  Isolation  of  error  by  time;  (2)  isolation  of  error 
according  to  type  of  behavior;  and  (3)  isolation  of  error  according  to  typo  of 
behavior  over  time,  Additional  sections  will  deal  with  the  specification  of 
criticality  in  the  execution  of  the  spin  and  an  attempt  to  behaviorally  define  the 
global  skills  of  Basic  Airwork,  Headwork,  and  Procedures  which  have  become 
a  part  of  naval  aviation, 


Error  Isolation  by  Time 


I  The  68  task  elements  defining  both  the  sequential  and  concurrent  pro- 

?;  cessing  requirements  of  the  Spin  Maneuver  comprised  16  sequential  steps 

l  (see  Appendix  U)  ,  Those  sequential  steps  were  further  collapsed  into  five 

5  sequential  phases  according  to  aircraft  changes  in  fundamental  flight  attitude, 

l  configuration,  power  setting  and  airspeed.  The  results  of  the  breakdown 

h  according  to  time  are  presented  in  Table  2,  For  each  sequential  step  and  phase 

j  the  number  of  task  elements  comprising  each  category  is  presented.  Probability 

f  estlmaces  of  error  frequency,  error  persistence,  and  the  expected  number  of 

;  errors  are  also  presented . 


As  indicated  in  Table  2,  the  resulting  probabilities  of  committing  at 
least  one  error  (error  frequency)  during  each  sequential  step  and  sequential 
phase  were  extremely  high.  Those  steps  having  the  lowest  likelihood  of  studont 
error  were  a’ so  those  comprised  of  the  lowest  number  of  task  elements.  Like¬ 
wise,  steps  and  phases  with  the  highest  number  of  expected  errors  were  also 
comprised  of  the  highest  number  of  individual  elements.  Thus  it  appears  that 
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Analysis  of  S«|uontlal  Phusos  Uhd  Stops  Within  Thu  Spin  Maneuver 


S:i(|uentl«l  Phuse/Stup  Ooscrlption 

Plwuo  A  •  Munouvur  nut-up  In  clearing  turn 

Stop  1  -  Commence  suuond  clearing  turn 

Stop  2  -  Closo  throttle  In  turn 

Slap  3  -  Maintain  tiluurlny  turn 

Phtitu  U  -  Mimauvur  sat-up  prior  to  stull 

Stop  4  -  Roll  wings  lovul  at  thu  00°  position  In  tho 
dinning  turn 

Slap  0  -  Maintain  Ilia  nosu  1  Uu  abova  thu  normal 
Right  attlturlu 

Phaso  C  -  Inltlatu  and  maintain  spin 

Strip  0  -  Apply  slight  ruddur  prior  to  stull 

Stop  7  -  Apply  lull  rutldur  whan  olruruft  stalls 

Stop  t)  -  Apply  full  book  stick 

Stap  I)  -  Maintain  spin  through  first  300°  turn 

Stup  10  •  Maintain  spin  through  second  300°  turn 

Phusri  O  •  Initiate  spin  nicovary 

Stap  11  -  Apply  rutldur  to  neutral  position  altar  com- 
plutlon  of  two  turns 

Stup  12  ■  Apply  forward  stick  prussuru  to  neutral  posi¬ 
tion 

Stup  13  -  Roll  wings  luvui 

Ph  isu  E  •  Inltlatu  ullmblny  recovery 

Stup  14  -  Raisa  the  nosu  to  thu  100  knot  climbing 
attitude 

Stup  1b  -  Chuck  oil  prussuru  gauge 

Stup  10  -  Add  full  power  to  commoncu  a  climb 
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No.  of  Elu- 
moots  By 
Tlmo 

Probability 
For  Error 
Fruquunoy 

Estimated 
No,  of 
Errors 

Probability 
For  Error 
Porslstuncu 

10 

1,000 

11.2 

,049 

a 

.070 

4.9 

.474 

2 

.091 

.0 

.290 

0 

.000 

0.0 

.683 

14 

,038 

0,0 

.473 

B 

,007 

3.4 

.409 

0 

.BUU 

2.0 

.410 

0 

.070 

0,7 

,100 

1 

.DIO 

,0 

.000 

1 

,040 

.0 

.003 

1 

.001 

.7 

,040 

3 

.030 

1.0 

.080 

3 

,020 

2.0 

,144 

7 

.000 

4.4 

,400 

2 

.000 

1.2 

.090 

1 

.007 

.0 

.200 

4 

.010 

2,3 

.310 

10 

.000 

0.2 

,021 

7 

,000 

3  0 

.372 

1 

.711 

,7 

.160 

11 

,020 

4.7 

,400 

error  probability,  when  considered  along  the  dimension  of  time,  is  a  function  of 
opportunity  and  perhaps  also  overload.  In  other  words,  those  sequential  seg¬ 
ments  requiring  the  largest  number  of  responses  are  also  those  producing  the 
highest  error  rates. 


A  similar  pattern  emerges  when  the  probability  of  committing  at  least 
one  error  after  Hop  9  is  considered.  Those  steps  and  phases  comprised  of  the 
largest  number  of  elements  tended  to  yield  the  highest  probabilities  of  error 
persistence.  These  “esults  are  consistent  with  the  classical  finding  of  degraded 
performance  under  conditions  of  task  overload .  Recall  that  each  sequential  step 
is  comprised  of  task  elements  which  are  being  performed  concurrently.  Those 
c,teps  with  the  highest  number  of  elements  are  also  those  in  which  the  highest 
number  of  multiple  responses  are  being  performed  simultaneously.  Consequently, 
it  could  be  expected  that  such  conditions  would  lead  to  increased  probabilities 
of  error.  The  data  lend  support  to  such  an  hypothesis.  In  summary,  the  data 
suggest  that  the  incidence  of  error  will  be  highest  for  those  segments  of  the 
maneuver  during  which  the  workload  is  greatest. 
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$  As  indicated  by  Table  2,  Phases  A  and  E  produced  the  highest  number 

|  of  expected  errors.  During  the  maneuver  set-up  in  the  clearing  turn,  or  Phase 

I  A,  Steps  1  and  3,  which  involved  commencing  and  maintaining  the  clearing  turn, 

,  should  be  viewed  as  the  highest  potential  source  of  error.  As  indicated  by 

I  Appendix  B,  the  essential  items  involved  proper  scan  for  other  aircraft,  main- 

I  tenanco  of  proper  angle  of  bank  and  balanced  flight,  and  an  increase  in  nose 

|  attitude  to  reduce  airspeed .  During  the  initiation  of  the  climbing  reco'.’ery 

i  Phase  E,  Steps  14  and  16,  which  involved  raising  the  nose  and  adding  power  to 

|  commence  a  climb,  are  the  highest  potential  sources  of  error.  Prop"..  scan  for 

J  other  aircraft,  maintenance  of  proper  angle  of  b,:'!:k  -md  balanced  flignt,  and  the 

[1  establishment  and  maintenance  of  proper  nose  attitude  again  emerged  as  impor- 

I  tant  sources  of  error.  The  addition  of  full  power  also  represented  a  significant 

1  potential  for  error.  These  findings  suggest  that  on  a  sequential  time  dimension, 

jj  the  maneuver  set-up  and  climbing  recovery  phases  produce  the  greatest  number 

i  of  errors.  During  Primary  flight  training,  concentration  on  these  phases  by  the 

fj  instructor  will  most  likely  .  roduct  the  greatest  amount  of  error  reduction, 

p 

; 

Error  Isolation  by  Type  of  Behavior 


The  GB  task  elements  were  reduced  to  17  task  element  groups  on  the 
basis  of  their  functional  equivalence.  These  task  element  groups  were  further 
collapsed  into  five  task  activities.  Accordingly,  task  element  groups  were 
categorized  into  one  of  thaso  activities  involving  continuous  control  of  the  air¬ 
craft  in  the  three  flight  axes  or  one  of  the  two  activities  involving  discrete  visual 
scanning  or  control  movement  responses.  These  results  are  presented  in 
Table  3 . 
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For  each  task  element  group  and  task  activity  the  number  of  task  elements 
comprising  each  category  is  presented.  Probability  estimates  of  error  hequency, 
error  persistence,  error  criticality,  and  the  expected  number  of  errors  is  pre¬ 
sented. 
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As  seen  in  Table  3,  the  probabilities  of  comniitting  at  least  one  error  for 
each  task  element  group  and  task  activity  were  quite  high.  The  only  exceptions 
involved  discrete  use  of  the  throttle  and  proper  trim  control  in  the  pitch  and  yaw 
axes.  The  most  persistent  errors  involved  continuous  control  of  the  aircraft  in 
the  yaw  axis  through  the  appropriate  application  of  rudder  pressure  and  proper 
scanning  of  the  ball  for  balanced  flight.  Continuous  use  of  elevator  pressure 
was  also  a  persistent  source  of  error . 


The  task  activities  producing  the  highest  number  of  expected  errors 
involved  continuous  contro'  in  the  pitch  and  yaw  axes.  The  two  task  element 
groups  with  the  highest  number  of  errors  involved  continuous  use  of  elevator  and 
rudder  pressure.  Considering  error  criticality,  the  task  activity  involving  dis¬ 
crete  control  produced  the  highest  value.  At  the  task  element  group  level,  dis¬ 
crete  use  of  the  elevator  and  continuous  elevator  control  produced  the  highest 
values.  In  summary,  it  appears  that  proper  elevator  control  (pitch,  axis)  Is  per¬ 
haps  the  most  important  skill  ihe  studunt  must  learn  In  order  to  successfully 
execute  the  Spin. 


Error  Isolation  by  Type  of  Behavior  Over  Time 


From  the  data  presented  for  the  task  elements  by  sequential  steps, 
probability  statements  were  generated  for  the  task  activity  by  sequential  step 
level  of  analysis.  It  is  *-.t  this  level  rather  than  at  the  task  elemen^/step  level 
that  the  greatest  information  in  terms  of  error  isolation  is  yielded.  Each  step 
represents  a  synthesis  of  continuous  control  about  the  three  flight  axes  inter¬ 
spersed  with  discrete  control  and  scanning  responses.  It  is  at  this  level  of 
analysis  that  the  instructor  can  most  readily  detect  the  occurrence  of  un  error . 
Consider  continuous  control  in  the  pitch  axis  during  descent,  the  pilot  must 
continuously  scan  for  proper  nose  attitude  and  uirspecd  while  continuously  con¬ 
trolling  the  elevator.  Suppose  the  resultunt  glide  slope  angle  is  incorrect.  The 
instructor  is  able  to  observe  the  improper  glide  slope  angle  bib  cannot  observe 
exactly  which  response  is  in  error  .  Does  the  pilot  fail  to  scan  for  proper  nose 
attitude,  fail  to  scan  for  proper  airspeed,  or  fall  to  properly  control  the  elevator? 
In  many  cases,  the  instructor  Is  simply  unable  to  directly  observe  pilot  behavior 
at  the  elemental  response  level.  In  other  words,  errors  are  most  often  detectable 
only  at  the  task  activity  level.  For  this  reason,  it  is  suggested  that  the  analysis 
of  student  pilot  error  according  to  task  activity  for  each  sequential  step  should 
provide  the  most  useful  information.  For  these  reasons,  it  seemed  that  error 
isolation  at  the  task  activity  level  for  each  sequential  step  would  he  most  con  ¬ 
sistent  with  what  the  instructor  is  able  to  observ  :. 


In  this  dimension,  tha  68  task  elements  wero  collapsed  Into  41  "task  acti¬ 
vity  by  sequential  step"  categories  For  each  category,  probability  estimates  of 
error  frequency,  error  persistence,  and  error  criticality  were  completed.  A 
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complete  listing  of  these  results  is  presented  in  Appendix  D.  Table  4  presents 
those  categories  in  which  the  error  frequency  was  .Cn  or  greater.  Although  the 
choice  of  .60  was  arbitrary,  it  seemed  that  these  represented  the  most  significant 
sources  of  error.  Of  the  41  groups  contained  in  Appendix  D,  24  are  presented  in 
this  table. 


The  five  errors  producing  the  highest  frequency  estimates  occurred  dur¬ 
ing  the  manouver  set-up  in  the  clearing  turn  and  the  sp'.n/climbing  recovery. 
Maintaining  a  constant  altitude  while  commencing  the  second  clearing  turn  and 
raising  the  nose  throughout  the  turn  so  that  the  aircraft  is  in  a  15°  nose-up 
attitude  upon  completion  had  the  highest  probability  of  er:or  frequency  during 
the  set-up  phase.  Both  errors  required  continuous  control  of  the  aircraft  in  the 
pitch  axis  which  involved  control  of  elevator  stick  pressure,  scan  of  the  horizon 
for  proper  nose  attitude,  and  scan  of  both  the  airspeed  and  altitude  indicators. 


During  the  two  recovery  phases,  application  of  forward  elevator  stick 
pressure  to  the  neutral  position,  leveling  the  wings  once  rotation  had  ceased,  and 
raising  the  nose  to  the  100  knot  climbing  attitude  were  the  most  frequent  errors. 
Moving  the  stick  forward  to  the  neutral  position  involved  the  discrete  use  of 
elevator  pressure.  Rolling  the  wings  level  was  a  continuous  activity  requiring 
the  appropriate  use  of  aileron  pressure  and  the  scan  of  the  horizon  for  proper 
angle  of  bank.  Appropriate  use  of  elevator  pressure  and  scan  for  proper  mse 
attitude  were  involved  in  raising  the  nose  to  the  100  knot  climbing  attitude. 


The  most  persistent  errors  were  the  maintenance  of  altitude  when  com¬ 
mencing  the  clearing  turn,  maintenance  of  proper  angle  of  bank  while  raising 
the  noB6  throughout  the  clearing  turn,  and  maintenance  of  balanced  flight  after 
power  addition  during  the  climbing  recovery.  Each  of  theae  four  most  persistent 
errors  involved  continuous  control  of  the  aircraft— one  in  the  roll  axis,  one  in 
the  yaw  axis,  and  two  in  the  pitch  axis. 


Specification  of  C riticality  In  the  Spin 

From  Table  4,  it  is  apparent  that  the  most  critical  errors  occur  curing 
the  initiation,  maintenance,  and  recovery  from  the  spin  itself.  The  two  errors 
with  the  highest  criticality  ratings  Involved  the  discrote  use  of  elevator  pressure- 
one  during  spin  entry  and  the  other  during  spin  recovery.  One  of  these  errors, 
the  application  of  forward  elevator  stick  pressure  during  spin  recovery,  not  only 
had  a  high  criticality  estimate  (.779)  ,  but  also  a  high  frequency  (.077)  .  It  js 
likely  that  this  one  error  may  be  the  most  important  for  the  spin  maneuver . 
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Tablo  4 

Molt  Significant  Erron  (Talk  Aotivlty/Sequentlnl  Stop)  Within  tho  Spin  Maneuver 


Error  Dvicriptlon 

•Task 

Activity 

Error 

Fro-' 

qucncy 

Error 

•  affctS- 

tonca 

Error 

Criti¬ 

cality 

Pliasa  A  ■  Manouvor  sot-up  In  cloarlng  turn 

1.  Scan  aroa  for  other  aircraft  when  commencing  the 

DS 

.742 

.tli 

.351 

second  Clearing  turn. 

2.  Roll  the  aircraft  to  at  to  establish  46°  angle  of  bank 

CR 

,732 

.197 

,100 

In  tlte  c  oaring  turn. 

3,  Maintain  a  constant  altitude  whan  commencing  tho 

CP 

.907 

.330 

.455 

second  cloarlng  turn. 

4.  Maintain  46°  angle  of  bank  in  thn  clearing  turn. 

CR 

,BS1 

.328 

.224 

5,  Raisa  tho  nose  smoothly  In  the  clearing  turn  aftnr 

throttle  olosuro  to  establish  the  nose  15°  above  the 
normal  attitude  and  an  airspeed  of  75  knots  or  less, 

0.  Scan  area  in  tho  clearing  turn  for  o‘.har  aircraft. 

CP 

.QUO 

.452 

,559 

DS 

.753 

.247 

.430 

Phaso  B  •  Maneuver  set-up  prior  to  rtull 

7,  Maintain  the  nose  16°  above  the  normal  attltudo 

CP 

.004 

.250 

.474 

when  rollinq  the  wings  level, 

S,  Mulntaln  the  nose  15°  above  the  normul  attitude 

CP 

.701 

.250 

.500 

with  thn  wlnyi  lovol, 


Phaio  C  ■  Inltluta  and  maintain  ipin 


0. 

Apply  full  ruddur  pressure  when  the  aircraft  stalls 

In  tho  direction  of  the  lust  cloarlng  turn. 

DC 

,549 

.127 

.051 

10, 

Apply  full  back  stick  upon  spin  entry. 

DC 

.091 

.110 

.710 

11. 

Mulntaln  full  ruddur  pressure  In  the  first  300° 
spin  turn. 

CY 

.510 

,007 

.000 

12. 

Maintain  full  back  stick  In  the  first  300°  spin  turn. 

CP 

,091 

.000 

,057 

13. 

Maintain  full  ruddo"  pressure  in  the  second  300° 
spin  turn. 

CY 

,000 

,085 

,010 

14. 

Maintain  full  back  stick  in  the  second  360°  spin 
turn. 

CP 

.040 

.127 

.051 

ID. 

Scun  for  the  upprouoh  to  tlui  landmark  for  an  Indi¬ 
cation  uf  tho  second  300°  turn. 

DS 

,784 

.002 

•00B 

Phase  D  - 

Initiate  spin  recovery 

10. 

Seen  lendmurk  tor  en  Indication  of  tho  second  300° 
spin  turn. 

DS 

,732 

.113 

,000 

17. 

Apply  forward  elevator  slick  pressure  to  the  neutral 
position. 

DC 

.887 

.233 

.779 

10, 

Roll  tho  winy*  luvol  whon  rotation  of  tho  uircraft 

COUSQS. 

CR 

.870 

,108 

,024 

Phase  E  - 

Initiate  climbing  recovery 

10. 

Raise  tin#  nose  smoothly  prior  to  powur  addition  to 
establish  a  100  knot  climb  attitude, 

CP 

.055 

.229 

.018 

20. 

Scan  the  nlrspacd  Indicator  to  ousuiu  railing  the 
nose  prior  to  140  knots, 

DS 

.591 

,269 

.007 

21. 

Maintain  the  wings  lovol  while  raising  tho  nose, 

CR 

,039 

.177 

.371 

22. 

Scan  the  oil  pressure  gauge  for  Indlcution  prior  to 
adding  full  pownr, 

DS 

.711 

.174 

.391 

23. 

Maintain  the  nose  at  tho  100  knot  climb  attitudo 
during  poem  addition. 

CP 

.732 

.211 

338 

24, 

Maintain  t.  anced  flight  during  powor  addition. 

CY 

.742 

.301 

.200 

*  DS  “  Dlicratn  Scan;  DC  «  Dlicroto  Control;  CY  »  Continuous  Control  In  Yaw  Axis;  CR  “  Continuous  Control  In  Ro,,  Axli; 
CP  ■  Continuous  Control  In  Pitch  Axis. 
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It  is  interesting  to  note  that  estimates  of  error  persistence  are  lowest 
during  the  initiation,  maintenance  and  recovery  from  the  spin,  yet  the  criticality 
estimates  are  the  highest.  This  may  be  explained  by  the  fact,  that,  although  they 
have  a  low  probability  of  occurrence  during  the  later  hops  of  Primary  training, 
their  occurrence  will  most  likely  result  in  a  student  receiving  a  Below  Average 
or  Unsatisfactory  rating  if  they  are  committed.  This  high  criticality  rating  is  not 
too  surprising  since  these  two  phases  represent  the  essence  of  the  spin  man¬ 
euver.  From  theT-34  Primary  Maneuver  Description  handbook  (1).  Spins 
develop  your  ability  to  recognize  their  entry  and  to  recover  promptly  and  auto¬ 
matically  from  unintentional  spins,  build  confidence,  and  teach  orientation  in 
unusual  attitudes".  The  remaining  phases,  proper  set-up  in  tha  clearing  turn 
and  the  climbing  recovery,  are  not  critical  components  within  tho  Spin  Maneuver. 
A  student  receiving  a  Below  Average  or  Unsatisfactory  ruting  for  the  execution 
of  the  Spin  ,vill  most  likely  have  committed  errors  during  the  initiation,  main¬ 
tenance,  or  recovery  from  the  Spin  itself, 


One  further  point  should  bo  made,  The  estimates  of  criticality  were  for 
single  errors  only.  In  practioe,  it  usually  occurs  that  the  student  will  a  jmmit 
multiple  errors.  Unfortunately,  the  present  data  do  not  provide  estimates  in  the 
event  multiple  errors  are  committed.  Nevertheless ,  the  individual  criticality 
estimates  do  represent  a  lower  bound  in  the  event  of  suoh  an  occurrence.  Cer¬ 
tainly,  the  likelihood  of  a  Below  Average  or  Unsatisfactory  rating  will  be 
increased.  By  what  amount,  however,  the  data  does  not  Indicate.  To  compute 
ull  combinations  of  errors  is  simply  impractical  although  theoretically  possible. 


Behavioral  Definitions  of  Basic  Airwork,  Meadwork,  and  Procedures 


For  each  task  element  group  and  task  activity,  the  probabilities  that  tho 
error  was  perceived  to  involve  Basic  Airwork,  Meadwork,  or  Procedures  were 
computed.  These  results  are  presented  in  Table  5.  It  is  apparent  that  those  task 
element  groups  and  task  activities  involving  continuous  control  of  the  aircraft  in 
its  three  major  axes  are  perceived  by  flight  instructors  to  represent  Basic  Air¬ 
work  skills.  In  most  cases  probabilities  for  these  three  task  activities  of  being 
rated  Meadwork  or  Procedures  wore  quite  low.  Those  task  element  groups 
involving  discrete  control  movements  loaded  most  highly  on  the  Procedures  skill, 
although  tiie  discrimination  among  the  throe  categories  was  not  as  great  as  that 
for  Basic  Airwork.  Those  task  element  groups  involving  discrete  visual 
scanning  responses  were  considered  to  represent  Meadwork  skills. 


From  the  consensus  of  instructors  sampled,  it  would  appear  that  poor 
Meadwork  can  bo  defined  as  improper  discrete  visual  scanning  response  patterns 
which  become  manifested  through  inadequate  monitoring  and  detection  of  potential 
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Table  6 


Anulyilt  o(  Type  of  Error  by  Task  Activities  end  Task  Element  Qroupt  Within  tho  Spin  Maneuver 


xmwMtXNNl&iN&tXM 


Type  of  Error  Probabilities 


Task  Activity /Talk  Element  Croup  Oeuriptlon 


Task  Activity  A  •  Continuous  control  In  pitch  axis  (CP) 
Task  Element  Qroupn 

1  •  Use  elevator  pressure 

2  •  Scan  horlion  for  nose  attitude 

3  ■  Scan  airspeed  indicator 

4  -  Scan  altimeter 

5  •  Trim  elevator  pressure 

Task  Activity  8  Continuous  control  In  roll  axis  (OR  I 
Task  Element  Uroupn 

1  ■  Use  ulluron  pressure 

2  •  Scan  horizon  for  angle  of  bank 

Task  Activity  C  ■  Continuous  control  In  yaw  axis  (CY) 
Task  Element  Qroupsi 

1  •  Use  rudder  pressure 

2  •  Scan  ball  for  balanced  flight 

3  -  Trim  rudder  pressure 

Tusk  Activity  D  ■  Discrete  control  In  all  axes  (DC) 

Tusk  Element  Qroupsi 

1  ■  Use  elevator  pressure 

2  •  Use  rudder  pressure 

3  •  Use  throttle  control 

Task  Activity  E  •  Oliorotu  visual  scan  (DS| 

T  usk  Eltmunt  Qroupsi 

1  ■  Scan  uruu  for  othur  aircruft 

2  •  Scan  uruu  for  a  particular  position 

3  -  Scan  airspeed  Indicator 

4  '  Scan  oil  prussuru  gauge 


problems,  tho  failure  to  use  sensory  cues  to  detect  display  or  environmental 
changes,  and  poor  anticipation  of  or  planning  for  a  future  series  of  occurrences. 
Procedures  can  be  defined  as  improper  discrete  control  movement  responses 
which  become  manifested  in  the  omission  or  misordering  of  a  required  response 
or  series  of  responses,  Basic  Airwork  can  bo  defined  as  improper  continuous 
scanning/control  movement  responses  which  serve  to  control  the  aircruft  in  its 
three  major  flight  axes,  It  involves  poor  perceptual-motor  coordination  ef  hand/ 
eye/foot.  Such  empirically  determined  behavioral  definitions  of  Basic  Airwork, 
Headwork,  and  Procedures  should  aid  in  the  standardization  of  intructors* 1 2 3 4 5  judg¬ 
ments  regarding  the  meaning  of  these  global  terms . 


,07B 

.119 

.200 

.703 

.133 

.074 

.012 

.164 

.224 

,000 

.080 

.033 

,870 

.098 

.024 

,840 

.089 

.071 

.027 

.083 

.001 

,850 

.093 

.050 

.022 

.089 

.088 

,792 

.080 

.120 

,B70 

.080 

.044 

,820 

.120 

,000 

.283 

.107 

.521 

,304 

.205 

.411 

,200 

.170 

.542 

,032 

.242 

.720 

.280 

.583 

.107 

.109 

.086 

,116 

.311 

.522 

.107 

.323 

.385 

.202 

.103 

.460 

.441 
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IMPLICATIONS 


The  results  of  this  investigation  have  identified  those  student  flight 
errors  which  are  committed  by  the  students  during  the  Spin  Maneuver  in  Primary 
flight  training.  Concerning  specific  error  items,  application  of  elevator  control  in 
the  clearing  turn  in  order  to  maintain  altitude  immediately  followed  by  raising  the 
nose  to  15°  above  the  normal  attitude  during  the  maneuver  set-up  phase  were 
found  to  represent  the  areas  of  major  student  difficulty.  However,  the  appli¬ 
cation  of  forward  elevator  stick  to  the  neutral  position  during  the  spin  recovery 
phase  may  be  the  single  most  important  error  in  the  Spin  Maneuver  due  to  its 
high  criticality  estimate  and  a  high  estimate  of  error  frequency. 


The  flight  characteristics  or  skills  (task  element  group)  which  are  con¬ 
sidered  important  to  the  Spin  Maneuver  have  also  been  isolated.  Continuous  and 
discrete  use  of  the  elevator  contrc'  had  the  highest  probnbilit.  es  of  error  fre  ¬ 
quency  as  well  as  the  highest  criticality  ratings,  while  the  most  persistent 
errors  were  continuous  use  of  rudder  and  scanning  the  ball  for  balanced  flight. 


The  meaning  of  Basic  Atrwork,  Procedures  and  Headwork  were  defined 
according  to  type  of  activity  being  performed.  Heaawork  and  Procedures  loaded 
very  heavily  on  discrete  visual  scanning  responses  and  discrete  control  move¬ 
ment  responses,  respectively,  while  Basic  Airwork  loaded  on  continuous  control 
of  the  ulrcraft  in  the  three  flight  axes. 


Quite  logically,  error  criticality  appeared  to  be  dependent  upon  the 
essential  portions  of  the  Spin  or  the  reasons  why  a  Spin  is  taught.  A  Below 
Average  or  Unsatisfactory  grade  was  found  to  result  from  an  error  during  the 
Initiation,  maintenance,  or  recovery  from  the  Spin  itself. 

This  Isolation  of  error  has  several  important  implications.  First,  a 
diagnostic  manual  for  incoming  flight  instructors  and/or  Rtudents  might  be 
developed.  In  such  a  manual,  information  could  be  provided  regarding  the 
successful  execution  of  the  Spin  Maneuver,  the  critical  points  at  v/hich  students 
are  likely  to  encounter  difficulty,  and  recommended  types  of  remedial  action. 


Second,  a  revised  rating  form  could  be  developed  from  those  errors 
listed  In  Table  4.  The  revised  grading  sheet  could  emphasize  performance  on 
the  most  frequent  errors  within  the  Spin,  This  grading  sheet  hopefully  would 
give  more  empirical  data  concerning  number  of  Spin  Maneuvers  performed  in 
Primary;  the  relationships  between  grade,  hop,  and  error;  and  lastly,  the  vali¬ 
dity  of  the  questionnaire. 

IB 


Third,  a  model  of  error  probability  has  been  devised  conceiving  student 
performance  on  the  Spin  in  Primary  training.  From  these  probabilities  a  per- 
ceptual-psychomotor  test  battery  could  perhaps  be  devuloped  for  the  prediction 
of  oerformance  on  the  Spin  Maneuver  prior  to  a  student's  arrival  at  VT-1 .  The 
resulting  test  battery  should  represent  an  analog  to  the  response  configuration 
required  for  the  performance  of  a  given  component  or  phase  within  the  Spin 
Maneuver . 


Fourth,  a  method  has  been  devised  along  the  dimensions  of  time  and 
type  of  behavior  in  a  hierarchical  manner  for  combining  the  most  elemental  tasks 
into  meaningful  categories.  In  this  way  human  error  in  the  Spin  Maneuver  was 
analyzed  in  an  apparently  effective  manner.  Hopefully,  the  methods  used  in  this 
investigation  v  11  serve  as  an  aid  for  future  studies  into  human  error. 


Lardy,  the  empirical  definitions  of  Basic  Airwork,  Headwork,  and  ). ro- 
cedures,  w  lich  were  outlined  in  this  report,  could  be  an  aid  to  the  instructor . 
Tnese  defin  tions  and  interpretations  should  help  to  standardize  the  instructors' 
understanding  of  these  terms  and  use  of  the  grading  system . 


APPENDIX  A 

This  section  contains  the  flight  syllabus  and  number  of  flight  hours 
contained  in  Pre-Solo  and  Precision  stages  of  Primary  flight  training 


Primary  flight  training  is  divided  into  two  stages,  Pre-Solo  and  Pre¬ 
cision.  Pre-Solo  consists  of  dual  instruction  for  the  purpose  of  preparing  the 
student  pilot  to  fly  solo  while  the  Precision  stage  is  directed  toward  inst  lotion  in 
precision  and  acrobatic  maneuvering.  The  Pre-Solo  stage  consists  of  1  .  dual 
instructional  hops.  By  the  ninth  hop,  all  maneuvers  have  been  introduced  and 
the  student  begins  to  prepare  for  his  final  check  hop  prior  to  solo.  That  is, 
after  Hop  9,  the  student,  should  be  able  to  execute  all  maneuvers  without  commit¬ 
ting  any  major  errors.  Hop  12  is  the  safe-for-solo  check  flight,  and  if  con¬ 
sidered  safe  by  the  instructor,  the  student  will  solo  on  Hop  13. 


The  flight  syllabus  at  VT-1  consists  of  26  instructional  hours,  17.8 
hours  in  Pre-Solo  stage  and  8.4  hours  in  Precision  stage.  During  this  period  of 
training,  the  student  receives  20.8  hours  of  dual  instruction  and  5.2  hours  of 
solo  flight  time. 


Beginning  with  Hop  4,  the  instructor  rates  a  student's  performance  on 
each  maneuver  and  procedure  executed.  For  each  graded  item,  he  rates  the  stu¬ 
dent's  performance  to  be  Above  Average,  Average,  Below  Average,  or  Unsatis¬ 
factory.  In  addition  to  specific  maneuvers  and  procedures,  three  global  s!  ills 
must  be  graded-~Headwork,  Basic  Airwork,  and  Procedures. 


The  following  is  a  description  of  Primary  flight  training  in  mid-1972 
when  the  data  were  collected: 


SYLLABUS 

PERIOD _ DESCRIPTION _ HOURS 


PRE-SOLO  STALE 


Thin  sluge  is  devoted  to  <lual  instruction  for  tilt;  purpose  of  qualifying  stu¬ 
dents  to  fly  solo.  It  consists  of  cloven  (II)  dual  instructional  flights,  one 
(I)  cheek  flight,  one  (I)  solo  (PS-13)  flip.ht-  The  student  shall  lie 
instructed  in  the  fundamentals  of  good  uirmunnhip,  with  cmnhasis  on  the 
principles  of  attitude  flight,  coordination  of  controls,  smoothness,  basic 
airwork,  effective  use  o!  trim  tabs,  and  laudin|'  techniques.  The  student 
shall  ulso  he  taught  stalls  .  ml  spins,  entry  recognition,  and  proper  recovery 
technique.  Students  will  perform  all  previously  introduced  mutcriul  on 
each  subsequent  flight. 


Instructor  introduce j»rc-flight  jns|»eelion  and  cockpit  fundamentals. 
Student  start  engine  under  supervision  of  instructor;  instructor  will  warm 


PS- 1 
DUAL 


l.il 


SYLLABUS 

PERIOD _ DESCRIPTION _ 

up  engine,  rend,  execute,  and  report  check-off  lisl  (assisted  hy  student),  taxi, 
take-off,  and  proceed  to  area.  Instructor  introduces  use  and  effects  of  con- 
Irols,  fundamental  flight  attitudes,  and  transitions.  Explain  course  rules  and 
point  out  prominent  landmarks.  Use  this  flight  to  orient  the  student  in  the 
air.  Introduce  taxiing  after  return  to  home  Held. 

PS-2  Student  conduct  pre-flight  inspection,  start  and  warm  up  engine,  Student 

DUAL  read,  execute,  uud  report  check-off  list.  Review  taxiing,  fundamental  flight 

attitudes,  transitions,  area  orientation,  and  course  rules.  Introduce  take-off, 
operation  of  gear  and  Haps,  and  coordination  maneuver.  Demonstrate 
inherent  stubmTy  of  aircraft.  Stress  the  proper  use  of  trim  tabs  in  all 
attitude  changes  and  emphasize  the  importance  of  learning  to  fly  the  aircraft 
hy  the  attitude  method. 

PS-3  Student  taxi,  take  off,  und  proceed  to  area.  Review  previous  work  as  neccs- 

DUAL  sm  v.  introduce  steep  turns,  slow  flight,  und  home  field  entry.  Encourage 

student  to  develop  a  definite  pattern  of  scan  for  observation  of  uttitude  indica¬ 
tions,  instrument  reading,  ami  uir  traffic,  Stress  use  of  trim  tabs  in  relieving 
control  pressures  in  all  chunges  of  airspeed,  und  power  setting,  Review  engine 
fire  during  sturl/ufter  atari, 

PS-4  Review  previous  work  as  necessary.  Introduce  power-off  spirals,  standard 

DUAL  field  entry,  full-flup  touch-and-go  landings,  wave-off  at  outlying  fields,  and 

stundurd  field  departure.  Demonstrate  torque  effect,  Re-emphasize  prin¬ 
ciples  of  uttitude  flight  us  applied  to  the  execution  of  a  lauding.  Student 
I'lv  home  field  entry  on  this  and  subsequent  flights.  Review  engine  fire  in 
flight,  smoke  elimination,  uud  fuel  fumes. 

PS-!>  Review  previous  work  as  necessary.  Introduce  no-flap  landings  ami  low-ulti- 

DUAL  tude  emergency.  Instructor  demonstrate  wind  effect  and  crab  correction. 

Review  electrical  fire,  generator  failure, 

PS-0  Review  previous  work  us  necessary.  Introduce  power-off  stall  ami  higb-ulti- 

DUAL  tude  emergency.  Review  complete  and  partial  engine  failure  (altitude  can¬ 

not  be  maintained.) 

PS-7  Review  previous  work  as  necessary.  Introduce  precision  spins,  left  and  right, 

DUAL  uud  approach  turn  stall.  Demonstrate  emergency  landings.  Review  propeller 

failure  on  tuke-off/uirlioriie. 

PS-II  Review  previous  work  as  necessary,  Introduce  eross-iviud  landings,  Review 

DIEM.  flat  lire,  brake  failure,  hard  lauding. 

PS-9  Review  previous  work  as  necessary.  Introduce  procedure  at  solo  fields, 

DUAL  including  lull-stop  landings.  Demonstrate  the  progressive  spin  and  emer¬ 

gency  landing  gear  operation.  Review  gear-up  lauding. 

PS- 10  Review  previous  work  as  necessary.  Dcinon-trate  studded  turn  stall  and  opera- 

DUAI.  lion  of  the  emergency  fuel  sysl-m.  Review  iaudiug  with  one  main  gear 

retracted,  nose  gear  retracted. 

PS- 1  I  Instructor's  check  of  all  maneuvers  previously  introduced.  Introduce  home 

DUAL  field  wave-off  procedure.  Review  lost-plane  procedures. 

PS- 1 2  Check  all  work  introduced  in  pre-solo  stage  to  determine  whelhe.  or  not 

DUAL  student  is  sale-for-solo.  The  student  will  be  required  to: 

CHECK 


a.  Inspect  the  plane,  start,  warm  up,  perform  cockpit  check,  and 
lest  engine  correctly. 


A -2 


HOURS 


i.b 

1.3 

1.3 

Lit 

1.3 

i.:i 

i.:» 

1.3 

i.:i 

I..T 

2.0 
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SYLLABUS 

PERIOD _ DESCRIPTION _ _ _ _ HOURS 

b.  Taxi  sulely  and  um«  brakes  correctly. 

e.  Take  off  without  excessive  swerving.  tine  propeller,  throttle,  and 
landing  guar  controls  properly, 

d.  Rceogui/.e  (dull  conditions  und  perform  satisfactory  recovery  front 
stubs  introduced.  Perform  satisfactorily:  slow-flight  procedure*,  spins, 

Nteep  turn*,  and  power-off  spirals. 

e.  OenioiiNtrute  proper  procedure  and  good  headwork  during  *imuluted 
high-  and  low-altitude  enicrgencieH. 

f.  Execute  *afe  full-flap  and  no-flap  landing  on  a  bard-Hurfaced  runway. 

All  landing*  mu*t  be  in  the  first  third  of  the  runway. 

g.  Demonstrate  satisfactory  drift  correction  in  cross-wind  landings, 

It.  Execute  a  mluliuum  of  three  (it)  landings,  including  one  ( I )  full-stop 
landing  at  a  solo  field.  Perform  three  (it)  solo  landings  If  considered  safe-for* 
solo  by  the  cheek  pilot. 

1.  Make  u  successful  approach  and  landing  at  home  field  and  return  to 
flight  line, 

j.  Slop  engine  uud  secure  cockpit  correctly. 

PS- lit  Practice  high- work  maneuvers  (as  recommended  by  instructor)  and  Inlo-thc-  I, It 

SOLO  wind  landings.  DO  NOT  practice  the  following  maneuvers:  Spins,  crosswind 

landings,  simulated  emergencies,  inverted  flight,  or  acrobatics.  Student  may 
make  a  total  of  four  (4)  landings  with  no  more  ‘bun  aix  ((>)  approaches, 


PRECISION  STAGE 

This  stage  consists  of  six  (6)  flights  devoted  to  instruction  and  practice  in 
precision  and  aerobatic  maneuvers.  The  sixth  flight  is  a  precision  check  on 
maneuvers  introduced  in  this  stage  and  pre-solo  stage.  Tlte  instructor  shall 
be  alert  to  any  evidence  of  mechanical  Hying  by  tin*  student  and  lain1  such 
corrective  action  as  necessary.  Primary  consideration  shall  he  given  to  develop¬ 
ment  of  basic  airwork  and  coordination. 

PON- 1  Review  cross-wind  landings  and  the  precision  spin.  Introduce  the  wiugover,  1.5 

DDAI,  loop,  unusual  attitudes,  emergency  landing  practice,  and  recovery  from  acci¬ 

dental  spins.  Introduce  precision  landings.  Demonstrate  the  split  "K"  and 
inverted  stall.  Make  a  minimum  of  six  {(>)  landings  this  flight.  Review  air¬ 
borne  damaged-plaue  procedures. 

PON-2  Practice  wiugovers,  loops,  slow  flight,  power-off  spirals,  precision  landings,  1.4 

SOLO  and  work  recommended  by  the  instructor. 

PON-4  Same  as  POiN-2  flight.  Emphasis  on  precision  landings.  1,4 

SOLO 

Review  wiugover,  loops,  unusual  altitudes,  stalls,  spins,  emergency  land-  1.5 

ing  practice,  ami  precision  landings.  Demonstrate  luirrcl  roll,  Oulian  "11", 
and  Immrlmaiiu.  Make  a  minimum  of  six  ((>)  landings  this  flight,  includ¬ 
ing  cross-wind  landings.  Review  bailout,  ditching. 
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PON-4 

DUAL 


SYLLABUS 

PERIOD 


DESCRIPTION 


SOLO 

PCN-6 

DUAL 

CHECK 


Practice  all  maneuvers  introduced  to  the  student,  with  emphasis  on  basic 
ulrwork. 

Final  check  on  all  maneuvers  introduced  to  the  student  in  pre-solo  an  J  pre¬ 
cision  stage*.  Include  the  following  maneuvers: 


a. 

b. 

c. 

d. 

e. 

f. 

6: 

I. 

t 


Steep  turns 

Slow  tlight 

Power-off  stall 

Approach  turn  stall 

Unusual  attitudes,  recovery  from 

Precision  spin  und  accidental  spin 

lligh-altitude  emergency 

Low-altitude  emergency 

Precision  into-the-wind  and  cross-wind  landings. 

Emergency  landing  practice 

Wingovers 

Loops 
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HOURS 

1.8 

1.5 
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APPENDIX  B 


This  section  contains  an  analytic  of  ail  task  elements  by 
sequential  steps  within  the  Spin  Maneuver 
(68  elements/steps  are  listed) 
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Description 

f - 

1 

•Talk 

Activity 

Error 

Freq 

Probabilities  For 

1  rrm  Par-  Type  of  Error 

i  stones  BAW  •  HDWK  •  PROC 

Error 

Criticality 

PHASE  A  •  MANEUVER  SET  UP  IN  CLEAR¬ 
ING  TURN 

St«p  1.  Commanca  a  Second  45°Cluering 

Turn  to  the  Right 

it.  Sean  area  to  the  right  lot  other 
aircraft, 

os 

,742 

.111 

.200 

.700 

.100 

.361 

b.  Apply  right  aileron  stink  praatura 
to  aitabllih  the  proper  angle  of 
bank. 

CR 

,26b 

.116 

,923 

.000 

,077 

.164 

e.  Sean  horizon  for  46°  angle  of 
bank. 

CR 

,680 

.268 

.906 

.079 

.018 

.152 

d.  Apply  righ  t  rudder  pressure  to 
maintain  balanced  flight. 

CY 

.486 

,302 

.936 

,064 

.000 

.140 

a,  Sean  ball  for  balanced  flight, 

CY 

,626 

.649 

.967 

,043 

.000 

.098 

f.  Apply  book  elevator  Stick  pres¬ 
sure  to  maintain  a  constant  alti¬ 
tude  throughout  tho  turn, 

CP 

,784 

,310 

.969 

,027 

,014 

.386 

g.  Jean  altimeter  fit  constant  alti¬ 
tude, 

CP 

.639 

,339 

,869 

.098 

.033 

.274 

-h.  Scnn  horizon  for  proper  note 
attitude, 

Step  it,  Close  the  Throttle  After  Commencing 
The  Second  Clearing  Turn 

CP 

.742 

.278 

.880 

.086 

.020 

.370 

a.  Close  throttle  completely. 

DC 

,278 

,000 

,037 

,222 

.741 

.200 

b,  Apply  appropriate  rudder  pres¬ 
sure  to  malntuln  balanced  flight, 

Step  3.  Maintain  Second  Clearing  Turn  to  the 
90°  Position 

OY 

.877 

.393 

.620 

.060 

.019 

.064 

a,  Apply  back  elevator  stick  pressure 
throughout  the  turn  to  smoothly 
raise  tne  noso  15°  above  the  nor¬ 
mal  flight  attitude. 

CP 

.028 

.307 

•OLO 

.100 

.300 

,407 

b,  Scan  horizon  for  proper  nose  atti¬ 
tude, 

CP 

,870 

.231 

.886 

.066 

.081 

.416 

c,  Scan  the  airspeed  Indicator  for  the 
approach  of  76  knots, 

CP 

,891 

.373 

.636 

,107 

.197 

.209 

d,  Maintain  approprlatn  ruddar  pres¬ 
sure  to  maintain  balanced  flight, 

CY 

.486 

.302 

.915 

.021 

.004 

.128 

».  Scan  ball  for  balanced  flight, 

CY 

,606 

,631 

.916 

.064 

,021 

.122 

f.  Maintain  upproprlata  aileron  stick 
prassuro  to  maintain  4fi°  angle  of 
hank. 

CR 

.008 

,339 

,948 

,034 

,017 

.203 

g.  Scan  horizon  for  45°  angle  of  hank, 

CR 

,616 

,280 

.918 

.062 

,000 

.160 

ft.  Scnn  for  the  approach  to  the  land¬ 
mark  at  90°  position  of  turn 

OS 

,301 

,086 

.371 

.614 

,114 

.200 

1.  Scan  urna  for  oilier  aircraft, 

PHASE  B  MANEUVER  SET  UP  PRIOR  TO 
STALL 

Step  4.  Roll  Wings  Laval  at  thu  90°  Position  of 
tha  Second  Clearing  Turn 

OS 

,783 

,247 

,284 

.606 

.141 

.430 

u.  Scan  landmark  at  the  90°  position 
of  the  clearing  turn. 

DS 

,247 

.083 

.478 

.391 

.130 

250 

b,  Apply  loft  aileron  stick  prnssuru 
to  level  wings, 

CR 

,103 

.100 

,900 

.000 

.100 

.300 

c.  Scan  horizon  for  wings  level. 

CR 

,423 

,140 

.936 

.050 

,025 

.268 

d.  Apply  toft  rudder  pressure  to  main 
tain  balanced  flight, 

CY 

,464 

,456 

,977 

.023 

.000 

.114 

u,  Seen  ball  for  balanced  flight. 

CY 

.506 

.610 

.896 

.063 

,042 

,082 

f,  Maintain  back  elevator  stick  pres¬ 
sure  to  maintain  tha  nose  16°  above 
the  normnl  flight  attitude. 

CP 

,608 

,241 

.8/3 

.066 

,073 

.448 

•DS  •  Discrete  Scnn;  DC  ■•  Discreto  Cortrol;  CY 
CP  ~  Continuous  Control  in  Pitch  AxU 


Continuous  Control  In  Yuw  AxIs.CR  «  Continuum  Control  In  Roll  Axis, 


Probabllltlea  For 


Deacrlptlon 


•Teak  Error  Error  Par-  Type  of  Er, or  Error 

Activity  Freq  aiatence  BAW  ■  HDWK  •  PROC  Criticality 


PHASE  0  ■  MANEUVER  SET  UP  PRIOR  TO 
STALL  (Continued) 

a.  Scan  horlion  for  15°  note-up 
attitude. 

h.  Scan  eirapeed  Indicator  for  approxi¬ 
mately  75  know  (  or  lets). 

Step  6.  Maintain  The  Note  15°  Above  The 
Normal  Plight  Attitude  With  The 
Wlrxie  Level 

a.  Apply  appropriate  aileron  (tick 

greuura  to  maintain  wlnga  level, 
oan  horlion  for  wlngt  level, 
c.  Apply  Inoreailng  back  elevator  atlok 
preuure  to  maintain  the  proper 
iiom  attitude  aa  the  alrapeed  da- 
oreaaaa. 

d.  Scan  horlion  for  proper  noae 
attitude. 

a,  Apply  appropriate  rudder  pret- 
aure  to  maintain  balauoeu  flight, 
f.  Scan  ball  for  belenoed  flight, 

PHASE  C  •  INITIATE  AND  MAINTAIN  SPIN 

Step  6.  Apply  Slight  Right  Rudder  Preuure, 
Juet  Prior  to  the  Stuff  In  Order  To 
Set  The  Aircraft  In  Unbalanced 
Plight  In  the  Direction  of  Spin 

a.  Apply  dlglit  right  rudder  preuure 
to  eatabllah  unbalanced  flight  to 
tha  right. 

Step  7.  Apply  Pull  Right  Rudder  Preuure 
Whan  Aircraft  Stella 

a.  Apply  full  right  ruddar  preuure 
to  oatabllah  a  apln  <o  the  right. 

StepS.  Apply  Pull  Be.*  Stick  Preuure 

a.  Apply  full  back  atlok  preaaure  to 
iiMnbliah  a  proper  now  ultltuda 
In  the  apln. 

Step  9.  Maintain  Spin  Through  Flrat  300° 
Turn 

a,  Scan  landmark  for  an  Indication 
of  the  first  360°  turn, 

b.  Maintain  full  right  rudder  prea¬ 
aure  to  maintain  «  ipin. 
c,  Maintain  full  back  atlok  preuure 
to  melntaln  tha  propar  now 
attitude  In  the  apln. 


Slap  10,  Maintain  Spin  Through  Second 
360°  Turn 

a.  Scan  'nr  tha  approach  to  the  land¬ 
mark  for  an  indication  of  tha 
aecond  300°  turn. 

b.  Maintain  full  right  ruddar  pret- 
aura  to  maintain  a  apln. 

c.  Maintain  full  back  atick  preaaure 
to  maintain  the  proper  nova 
attitude  In  the  apln. 


1  .BIB 

.127 

.065 

>7  .eoti 

.118 

.270 

10  1.000 

.000 

.000 

18  .903 

,066 

.032 

12  .879 

.052 

.069 

11  .067 

.096 

.049 

13  1 .000 

.000 

.000 

IS  .009 

,046 

.046 

10  .217 

.109 

.074 

!7  ,237 

.264 

.608 

19  .’20 

.268 

,610 

30  .271 

.683 

.140 

i'J  .339 

.208 

.303 

34  .359 

.260 

,391 

32  .203 

.663 

.184 

33  .278 

.259 

.403 

36  .263 

.246 

.491 

_ _ Dwcrlptlon 

PHASED  •  INITIATE  8PIN  RECOVERY 

8t»p  11,  Apply  Left  Rudder  Prauurs  To  Tha 
Neutral  Petition  to  Initial*  Raoovary 
at  tha  Complatlon  of  Two  Tumi 

a.  Saan  landmark  for  an  Indloatlon 
of  tha  aaeond  360°  turn, 

b.  Apply  approprlat*  laft  ruddar 
prauurt  to  Initial*  ipln  raoovary, 


Probabtlltlw  For 

Error  Error  Par-  Typ*  of  Error  Error 

Praq  ilttanc*  BAW  ■  HDVVK  •  PROC _ Critically 


DS 

.732 

.113 

.304 

.403 

,203 

,606 

DC 

,600 

,061 

.417 

.126 

.468 

.604 

Tha  Noutral  Poiltlon 

a.  Apply  approprlat*  forward  ala- 
vator  itlek  preiiun  to  Initial* 

•pin  raoovary, 

Slap  13.  Roll  Wlngi  Laval  Whan  Rotation  Of 

Tht  Alroraft  Hal  C*M#d 

a.  Apply  approprlat*  allaron  itlek 
prewure  to  lival  wlngi, 

b.  Snail  horiion  for  wlngtlaval. 

a,  Apply  approprlat*  ruddar  prai- 
iuto  to  maintain  balanoad 
flight, 

d.  Scan  ball  for  balanced  flight. 

PHASE  6  -  INITIATE  CLIMBING  RECOVERY 

Step  14.  Rail*  tha  Not*  to  the  100  Knot 

Climbing  Attltuda 

a.  Apply  im  noth  back  elevator  ttlok 
prawur*  to  aitablldi  a  100  knut 
climbing  non  attitude, 

b.  Scan  horlion  for  proper  not* 
attltuda. 

o.  Maintain  approprlat*  allaron 
•tlok  paaiaura  to  maintain 
wlngi  level. 

d.  8ean  horlion  for  wlngi  level. 

a.  Maintain  appropriate  ruddar 
prewure  to  maintain  balanoad 
flight. 

f.  Scan  ball  for  balanced  flight, 

g,  Scan  alrtpaad  Indicator  for  140 
knoti  (or  leu) 

8tep  Itl.  Cheek  Oil  Preuure  Gauge  to  Iniurr 

That  tha  Praaiura  la  Above  Minimum 

Indication 


,BB7  ,233 


,B00  .167  .333 


CR 

.711 

.203 

.600 

.203 

.188 

.662 

CR 

,732 

.1110 

.704 

.141 

,166 

.663 

CY 

.443 

.442 

.029 

,024 

.048 

,163 

CY 

,423 

.300 

.826 

.100 

,078 

122 

CP 

.784 

.211 

.678 

.136 

.180 

,639 

CP 

.bio 

.240 

.683 

.271 

.146 

,300 

CR 

.484 

.200 

.8111 

.091 

,001 

.378 

CR 

,474 

,100 

.791 

.116 

.093 

.320 

CY 

,423 

,390 

.892 

.064 

.064 

.090 

CY 

.443 

,612 

.821 

.126 

.061 

.093 

DS 

.601 

.260 

.323 

.366 

.292 

.607 

DS 

,711 

,174 

.103 

.466 

.441 

.391 

8tap  10,  Add  Pull  Power  to  Commence  A 
Climb 


a. 

Advanee  throttle  full  forward. 

DC 

.371 

,066 

.029 

.267 

.714 

.600 

b. 

Apply  forward  elevator  itlok 
praaiura  to  maintain  proper  noie 
attitude  during  power  Inoreaia. 

CP 

,361 

,147 

079 

,091 

.030 

.170 

0. 

Bean  alnpeed  Indicator  for  100 
knoti, 

CP 

.443 

,116 

.581 

.209 

.206 

.209 

d. 

Scan  horlion  for  proper  now 
attitude. 

CP 

,486 

,14B 

.702 

.191 

.106 

.277 

a. 

Trim  note  down  to  relieve  prei- 
•ur*  on  the  elevator  oontrol. 

CP 

.423 

.196 

.670 

.096 

.024 

.122 

f. 

Apply  right  rudder  preuure  to 

CY 

.698 

.259 

.897 

,052 

,062 

,166 

maintain  balanced  flight  during 
power  Increeie, 
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APPENDIX  C 

This  Section  contains  the  Foreword,  Instructions,  Biographical 
Information  and  Maneuver  Presentation  as  outlined 
In  the  Task  Analysis  Questionnaire. 


1. 


Foreword 


There  are  certain  T-34  maneuvers  taught  at  VT-1  which  continually  give 
students  a  great  deal  of  trouble.  On  the  basis  of  the  number  of  Below  Average 
and  Unsatisfactory  ratings  which  VT-1  instructors  have  assigned  to  students  over 
the  past  couple  of  years,  six  maneuvers  were  selected  which  appeared  to  be  most 
critical  within  the  primary  training  flight  syllabus,  For  each  of  these  six 
maneuvers,  a  task  analysis  was  completed  which  attempted  to  define  exactly  what 
the  hand,  foot,  and  eye  are  doing  for  each  major  step  of  the  maneuver. 


The  emphasis  of  this  task  analysis  questionnaire  is  on  student  error 
isolation  and  classification.  This  questionnaire  will  provide  information  con¬ 
cerning:  (1)  what  types  of  errors  students  most  often  make;  (2)  frequency  of 
such  errors;  and  (3)  the  length  of  time  it  usually  requires  for  the  student  to  cor¬ 
rect  such  errors. 


The  results  of  this  investigation  should  be  able  to:  (1)  define  student 
flight  characteristics  or  skills  which  are  critical  to  each  maneuver;  (2)  identify 
thi  ae  student  flight  errors  which  are  continually  performed  by  the  students;  (3) 
develop  remedial  techniques  to  be  used  by  the  instructor  which  are  based  on  a 
student's  typical  and  continuous  flight  errors;  (4)  standardize  the  meanings  of 
the  terms  Headwork,  Basic  Airwork,  and  Procedures;  (5)  establish  a  basis  for 
the  development  of  a  flight  test  battery  which  will  be  used  for  the  prediction  of 
student  flight  ability  prior  to  his  arrival  at  VT-1. 


The  success  of  this  effort  will  depend  on  the  cooperation  of  instructors 
responding  to  the  following  maneuver  analysis.  Hopefully,  the  final  results  will 
provide  a  better  training  system  for  the  student  pilot  and  a  training  aid  for  the 
instructor . 


2.  Instructions 


A.  Fill  in  the  Biographical  Information  on  page  iv. 

B.  This  error  analysis  inventory  is  divided  into  six  critical  maneuvers. 
They  include:  (1)  Approach  Turn  Stall;  (2)  Spin;  (3)  High  Altitude  Emergency; 
(4)  Slow  Flight;  (5)  Standard  Field  Entry;  and  (6)  Full ’.'’lap  Approach,  Landing, 
and  Take-off.  Of  these  maneuvers,  two  were  selected  lor  this  initial  investigation 
(Maneuver  I:  Spin;  Maneuver  II:  Full  Flap  Approach,  Landing,  Take-off)  . 


C-l 


C.  Each  maneuver  has  been  broken  down  into  a  number  of  sequential 
phases.  In  the  inventory,  these  are  numbered  1,  2,  3,  etc.  Within  each  of 
these  phases  are  a  number  of  scanning  responses  and  control  movements  which 
must  be  performed  concurrently .  These  items  are  lettered  a,  b,  c,  etc.  These 
items  comprise  the  basis  for  this  error  analysis  inventory.  An  error  for  this 
inventory  is  defined  as  a  failure  to  successfully  perform  those  concurrent 
responses  which  are  an  essential  part  of  each  sequential  phase  ■  You  are  to  rate 
each  of  these  "potential"  errors  along  six  dimensions: 


(1)  First,  does  the  item  truly  represent  a  student  error  by  the 
average  student  at  VT-1?  If  the  item  is  a  student  error ,  check  the  first  box  and 
proceed  with  ratings  on  the  next  three  dimensions.  If  the  item  is  not  a  student 
error,  leave  the  first  box  blank  (as  well  as  the  ratings  on  the  three  dimensions) , 
and  proceed  to  the  next  item  below. 

(2)  The  first  dimension  concerns  the  hop  number  of  which  the 
error  ie  normally  corrected.  If  corrected  on  the  introductory  hops — that  is,  on 
hops  4,  5,  6,  or  7  mark  "I" .  Flights  8-12  are  the  last  graded  hops  for  the  pre 
solo  stage,  while  14,  17,  and  19  are  the  three  graded  hops  for  the  precision  stag* 
Simply  mark  the  hop  on  which  the  error  is  generally  corrected . 

(3)  Categorize  the  error  according  to  type .  If  the  item  were  to  be 
graded  by  itself,  under  which  of  the  three  listed  items  under  "Type  of  Error" 
would  you  place  the  error?  Mark  "B"  if  you  feel  it  is  a  Basic  Airwork  error,  "H" 
if  it  is  a  Handwork  error ,  or  "P"  if  it  is  a  Procedural  -ror .  Pick  only  one  item  , 
If  the  error  falls  under  more  than  one  type,  pick  the  o  ie  most  commonly  graded 
cf  the  three  types. 

(4)  Rate  the  error  as  either  critical  or  npncritlcal.  Mark  the  error 
as  critical  or  "C"  if  its  occurrence  (when  taker,  by  itself)  seriously  affects  the 
performance  of  the  entire  maneuver,  or  if  the  item  is  an  essential  part  of  the 
maneuver.  In  other  words,  does  the  student  normally  receive  a  below  average 
or  an  unsatisfactory  grade  for  this  error?  Mark  non-critioal  or  "NC"  if  the 
opposite  is  true. 


Biographical  Information 


NAME  _ _ SERVICE  NO . _ 

Last  First  Middle 

SERVICE  __  _  RANK _  NUMBER  OF  YEARS 

(Navy,  Marine,  CG)  IN  SERVICE _ 

INSTRUCTOR  TRAINING  EXPERIENCE 

INSTRUCTOR  NUMBER  _  MONTHS  AT  VT-I  _ _ 

NO.  OF  INSTRUCTIONAL  HOURS _ FLIGHT  OR  DEPT.  _ 

NO .  OF  STUDENTS  COMPLETED  _ 

FLEET  EXPERIENCE 

SQUADRON  NO.  TYPE  AIRCRAFT  NUMBER  OF  HOURS 
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Maneuver  Presentation 


MANEUVER  I:  SPIN  (TO  THE  RIGHT) 

A,  Prior  to  Maneuver 

1.  Scan  altimeter  for  4500'  minimum  altitude, 

2,  Perform  stall  checklist. 

3.  Report  checklist  complete  and  the  quantity  of  fuel  onboard  . 

4,  Saleot  a  landmark  to  be  used  as  a  reference  for  completed 
turns  during  the  spin. 

n.  Trim  aircraft. 

6.  Perform  one  level  45°  clearing  turn  in  either  direction 
for  90°. 


B,  Maneuver  (this  material  is  presented  in  Appendix  13,  and  contains 
the  UB  task  elements  given  to  the  flight  instructors  in  questionnaire 
context)  . 


C,  Maneuver  Completed 

1.  Aircraft  in  in  u  TOO  knot  climb. 

2.  Aircraft  is  trimmed . 


G-4 
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APPENDIX  D 

This  section  contains  an  analysis  of  all  task  activities  by  sequential 
steps  within  the  Spin  Maneuver 
(41  activities/steps  are  listed) . 
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Description 

PHASE  A  ■  MANEUVER  SET-UP  IN  CLEARING  TURN 

8tap  1.  Commence  «  Second  48°  Clearing  Turn  to  the  Right 

e.  Continuous  oontrol-pitoh  axis 
b.  Continuous  control-roll  axis 
o.  Continuous  control-yaw  axis 
d.  Dlscrata  sesn 

Stap  3.  Cloaa  tha  Throttle  Attar  Commencing  the  Second 
Clearing  Turn 

a.  Continuous  control-yaw  axis 

b.  Discrete  control 

Stap  3.  Maintain  Second  Clearing  Turn  to  tha  90° 

Position 

a.  Continuous  oontrol-pltth  axis 

b.  Continuous  control-roll  axis 

c.  Continuous  control-yaw  axis 

d.  Dlscrata  scan 


PHASE  B  •  MANEUVER  SET-UP  PRIOR  TO  STALL 

Stap  4.  Roll  Wings  Laval  at  tha  90°  Position  of  tha 
Second  Clearing  Turn 


a.  Continuous  control-pitch  axis 

b.  Continuous  control-roll  axis 

c.  Continuous  control-yaw  axis 
Dlscrata  scan 

Stap  B.  Maintain  the  Nose  18°  Above  Tha  Normal 
Plight  Attltodo  With  tha  Wings  Laval 

a.  Continuous  cuntrol-pitch  axis 

b.  Continuous  control-roll  axis 
c<  Continuous  control-yaw  axis 

PHASE  C  •  INITIATE  AND  MAINTAIN  8PIN 

Stap  6.  Apply  Slight  Right  Rudder  Pressure,  Just  Prior 
to  the  Stall  In  Order  to  8et  The  Aircraft  In 
Unbalanced  Flight  In  tha  Direction  of  Spin 

a.  Discrete  control 

Step  7.  Apply  Full  Right  Rudder  Pressure  When  Air¬ 
craft  Stalls 

a.  Discrete  control 

Step  S.  Apply  Full  Back  Stick  Pressure 
a.  Discrete  control 

Step  B.  Mulntaln  Spin  Through  First  380°  Turn 

a,  Continuous  control-pitch  axis 

b,  Continuous  control-yaw  axis 

c,  Discrete  scan 

Step  10,  Maintain  Spin  Through  8econd  360°  Turn 

a,  Continuous  control-pitch  axis 

b,  Continuous  control-yaw  axis 

c,  Discrete  Man 


Probabilities  For 


Error  Error  Pars- 
Prnq  ststerwe 


Type  of  Error 
BAW  •  HDWK  -  PROC 


Error 

Crltleallty 


.907 

.330 

.907 

.069 

.026 

.466 

,732 

.197 

,890 

,077 

.033 

.169 

.888 

.466 

.947 

.063 

,000 

.168 

.742 

.083 

.200 

.700 

,100 

.361 

,B77 

.387 

,928 

.066 

.019 

.064 

.278 

,000 

.037 

.222 

.741 

.290 

.989 

,482 

.683 

.110 

.206 

.869 

.691 

,328 

.938 

.066 

.009 

.224 

,636 

,481 

.BIB 

.043 

.043 

.136 

.814 

,241 

.292 

.878 

.132 

.488 

.804 

.286 

.778 

.098 

.124 

.474 

,423 

.122 

.920 

.040 

.040 

.268 

.088 

.491 

.934 

.044 

.022 

.123 

.247 

.042 

.476 

,391 

.130 

.260 

.701 

.260 

,B70 

.070 

.060 

.600 

.371 

,187 

.9-18 

.036 

.018 

,194 

.636 

.404 

.966 

.022 

.022 

.231 

,610 

.060 

.217 

.109 

.674 

.360 

.049 

.063 

.237 

.264 

.608 

.601 

.691 

.046 

.22li 

,268 

,B1R 

,716 

.091 

.000 

.369 

.260 

.301 

.687 

.619 

.007 

.339 

.208 

.393 

.600 

.516 

.020 

.271 

,583 

.140 

.660 

.649 

.127 

.263 

.246 

.491 

.681 

.608 

.086 

.278 

.269 

,463 

.610 

.784 

,092 

.263 

.563 

.184 

.609 

Error  If  fop  Pit*-  Typo  of  Error  Error 

Deocrlptlon  Preq  ilitenca  BAW  ■  HDWK  ■  PROC  Crltloallty 


PHA8E  D  •  INITIATE  SPIN  RECOVERY 

Stop  11.  Apply  Loft  Rudder  Prooouro  to  tho  Noutrol  Poll- 
tlon  to  Iriltloto  Recovery  at  tho  Completion  of 
Two  Turn* 

a.  DHcroteecon 

b.  OlMroto  control 

Stop  12.  Apply  Forward  Stick  Piaaauro  to  tho  Noutrol 
Poeltlon 

a.  Olicrota  control 

Stop  13.  Roll  Wing*  Level  When  Rotation  of  tho  Aircraft 

HiaCeaaad 

a.  Cohtlnuou*  control-roll  axil 

b.  Contlnuoui  control-yaw  axl* 

PHASE  B  •  INITIATE  CLIMBINO  RECOVERY 

8top  14.  Ratio  the  Note  to  tho  100  Knot  Climbing 
Attitude 

a.  Contlnuoui  oontrol-pltch  axil 

b.  Contlnuoui  control-roll  exit 

c.  Contlnuoui  control-yaw  axil 

d.  Dborotetcan 

Stop  IB.  Chaok  OH  Proaiuro  Oaugc  to  Imuro  That  The 
Preiaura  li  Above  Minimum  Indication 

a.  Dboroto  Man 

8top  16.  Add  Full  Power  to  Commence  c  Climb 

a.  Contlnuoui  control-pitch  axt* 

b.  Contlnuoui  control-roll  axil 
o,  Contlnuoui  control-yaw  axil 
d.  OlMroto  Han 

o.  Dlicreto  control 


.732 

.089 

.304 

.493 

.203 

,006 

.aoe 

.081 

.417 

.128 

,4B8 

.694 

.887 

.209 

.BOO 

.167 

,333 

.779 

.870 

.188 

,067  .171 

.171 

.624 

.464 

.422 

,378  .061 

.061 

.178 

.866 

.229 

,639 

.189 

.172 

.018 

,630 

.177 

.BOB 

.103 

.092 

.371 

.BOB 

,408 

.888 

,092 

.063 

.102 

.691 

.239 

.323 

,386 

.292 

.B07 

.711 

.109 

.103 

.486 

.441 

.391 

.732 

,211 

,780 

.162 

.098 

.338 

.299 

,034 

,033 

.022 

,044 

,207 

.742 

,361 

.029 

.108 

,063 

.260 

.010 

.200 

.120 

,780 

.100 

.371 

.026 

,029 

,287 

.714 

.600 

